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Monoclonal antibodies against E7 protein of human type 16 
papillomavirus, a process for their preparation, and their 
use . 

Six monoclonal antibodies (MAb) against the E7 protein of 
human type 16 papillomavirus (HPV 16) have been generated. 
All these MAbs reacted in an EL I S A with the HPV 16 E7 
protein. 
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BE HR I NGWERKE AKTIENGESELISCHAFT HOE 87/8 027 Dr.LP/St 
Spec i f i cat ion 

5 Monoclonal antibodies against E7 protein of human type 
16 papillomavirus, a process for their preparation, and 
their use 

Human papillomaviruses (HPV) have been found in associat- 
10 ion with benign (warts; condylomas in the genital region) 
and malignant (carcinomas of the skin and genital mucosa) 
epithelial neoplasms. Since papillomaviruses cannot be 
grown in culture, genetic engineering processes are req- 
uired to obtain reasonable amounts of viral proteins. 
15 These methods have been recently used to prepare polyclonal 
antibodies against some HPV-coded proteins. In turn, it 
was possible to use these polyclonal antibodies to detect 
some viral proteins in HPV-positive cell lines derived from 
cervical carcinomas (Seedorf et al (1987) EMBO J 6: 139- 
20 144, D . Smotkin and F.O. Wettstein (1986) Proc. Nat. Acad. 
Sci. USA 83, 4680-4684 and 0. Smotkin and F.O. Wettstein 
(1987), J. Virol. 61, 1686-1689). 

The present invention relates to monoclonal antibodies - 
(MAb) directed against the E7 protein, which is 15 kd in 

25 size, of human papillomavirus 16 (HPV 16 E7). These anti-_ 
bodies can be used as diagnostic aid, active compound or 
active compound carrier. It was possible to obtain 6 
hybridomas whose secreted MAbs (E7I - E7VI) have been 
characterized. All MAbs reacted positively in an enzyme- 

30 linked immunosorbent assay (ELISA) in which an MS-2/HPV16 E7 
fusion protein was adsorbed onto the solid phase (see 
below). No reaction was detected for E7III in the corres- 
ponding Western blot. In HPV 16-conta in ing cell lines, E7 
protein was detectable in the Western blot with E7II, E7IV, 

35 E7V and E7VI, and in the immunoprec ipi tat ion with E71I and 

E7IV, while E7III and E7V were not tested (Tab. 1). In com- 
petitive binding studies, E7II, E7IV, E7V and E7VI showed 
strong inhibitory properties, whereas the inhibition by 

* 
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E7III was weaker but significant. A mixture of E7II, V and VI 
precipitated HPV 16 E7 from an in vitro translation mixture of HPV 16 E7- 
specific RNA, which likewise demonstrates the specificity of these Habs. 
E7IIX cross-reacts with HPV18 E7. Detection of UPV16 E7 gains additional 
5 significance from the fact that E7 is the most highly expressed protein 

in HPV16* or HPV18-containing cell lines, and E7 might play a part in the 
maintenance of the transformed phenotype. The invention will now be 
described in relation to the drawing, in which Figure 1 is a graph showing 
the results of competitive binditfg tests of unconjugated Mabs E71I, 111, 
10 IV, V and VI with conjugated Mabs E7IV, V and VI in an ELISA, The further 

development of the invention is described hereinafter. 

1. a Expression of the HS-2/HPV16 E7 fusion protein used 
for immunization 



15 The plasmid constructions and the isolation and 

purification of expressed HPV 16 proteins are described 
in Seedorf et al. (1987), EHB0 J. 6, 139-144. The 
HPV 16 E7 protein which was subsequently used does not 
have the first 8 amino acids. It is fused to a N- 

20 terminal leader peptide which is composed of 100 

amino acids of MS-2 polymerase and 9 amino acids from 
polylinker sequences and was used in a purity of 
about 70%. 



25 1. b Enzyme-linked immunosorbent assay (ELISA) procedure 



ELISA plates (Nunc, Denmark) were incubated overnight 
at room temperature with 0.2<-0.5 ug of the purified 
MS-2, MS-2/HPV16 E7 Or HS-2/HPV18 E7 protein in 100 

30 ul of 7H urea in each well (12 hours, room temperat- 

ure). After the plates had been washed twice with 
phosphate-buffered saline (PBS), they were saturated 
with 2% strength bovine serum albumin solution in 
PBS at 37°C for one hour, and were thus, after wash- 

35 ing 3x in PBS, ready for use. 40 ul of each hybridoma 

cell supernatant in each well were incubated at room 
temperature for one hour, unbound constituents were 
removed by washing 4x with PBS containing 0.05X Tween* 

* Denotes trademark 
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20 (PBS/Tween), and further incubation for one hour 
with goat anti-mouse UgG, IgM) immunoglobulin con- 
jugated to horseradish peroxidase (Dianova, Hamburg) 
in a dilution of 1:3000 was carried out (1 hour, room 
temperature). After washing four times with PBS/ 
Tween to remove unbound reactants, bound peroxidase 
was detected by incubation with ^Og/chromogen solut- 
ion (0.01% H2O2, 1 mg/ml ortho-phenylenediamine 
in 0.1 M phosphate buffer, pH 5.5) and measurement 
of the extinction at 492 nm, after the enzyme reaction 
had been stopped after 10 minutes by addition of 
50 ul of 1M H2SO4. 

Hybr idooa i sol at ion 

About 500 hybridomas from fusions of spleen cells from 
immunized Balb/c mice with myeloma cells were obtained 
in a manner known per se (6. Kohler and C. Milstein 
(1975), Nature 256, 495-497). This entailed NS-1 myeloma 
cells (Kearny et al. (1979), J. Immunology 123,4 1548- 
50) being fused with spleen cells from Balb/c mice. 
These six-week old Balb/c mice had previously been 
immunized twice subcutaneous I y, at an interval of 2 7 
weeks, and then once in t r aper i tonea 1 1 y , three days 
before fusion, in each case with 10-20 ug "of the MS-2/ - 
HPV16 E7 fusion protein described under 1. 

Hybridomas which secreted antibodies against HPV 16 £7 
could be detected by parallel testing in two enzyme- 
linked immunosorbent assays (ELISA). In this, MS-2/ 
HPV 16 E7 fusion protein was adsorbed on the solid phase 
in one ELISA, and only MS-2 protein was adsorbed on the 
solid phase in the other. Bound antibodies from hy- 
bridoma supernatants were detected by incubation with 
goat anti-mouse antibodies conjugated with horseradish 
peroxidase. Of the abovement ioned approximately 500 
hybridomas, about 150 clones were positive on screen- 
ing with the "MS-2 ELISA", and 10 clones were addition- 
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ally positive with the "MS-2/HPV16 E7 ELISA". Of these 
10 clones, 6 were stable after two cloning cycles to 
generate individual clones on a feeder layer of mouse 
peritoneal macrophages (Tab. 1). 

Characterization of HPV16 E7-specific HAbs 

In the Western blot procedure, which was essentially 
that of Towbin et al. (1979), Proc. Natl. Acad. Sci. 
U.S.A. 76, 4350-4354, the HAbs secreted by 4 hybridomas 
(E7 II, E7 IV, E7 V, E7 VI) reacted with the MS-2/ 
HPV16 E7 fusion protein but not with MS-2-protein alone 
To test the type-specificity, the said 4 hybridomas 
were examined with an ELISA in a manner analogous to 
that described under 2., but with the MS-2/HPV18 E7 
being adsorbed on the solid phase, MAbs of the hybrid- 
oma E7 IV reacted positively, but the extinctions in 
this ELISA were less than 50% of those with the corres- 
ponding MS-2/HPV16 E7 ELISA. 

Competitive binding tests for further analysis of the 
MAbs were carried out with an ELISA as described under 
1.b (MS-2/HPV16 E7 protein on the solid -phase). In 
this, E7 IV, E7 V and E7 VI MAbs were used as horse- 
radish peroxidase conjugates (Ishikawa et al. (1983), 
J. Immunoassay 4, 209-327), 5 ug/ml of each, whereas 
the unconjugated MAbs E7 II, III, IV, V and VI were 
used in serial dilutions of 50 ug/ml (= 100% inhibition 
of the homologous MAb conjugate). In these experiments 
(Fig. 1) all the MAbs which reacted with HPV16 E7 in 
the Western blot (MAbs E II, E IV, E V and E VI) in- 
hibit one another. The MAb E7 III, which reacted only 
in the HPV16 E7-specific ELISA, inhibits the other MAbs 
distinctly less but still significantly compared with 
a control antibody of different specificity (Fig. 1, 
lines C). In Fig. 1, the relative extinction (% A 492) 
is plotted on the ordinate, while the various compet- 
itive binding test combinations are plotted on the 
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abscissa, with 0 denoting no addition of unlabelled MAb 
(corresponding to 100% A 492). These results suggest 
that the MAbs £7 II, E7 IV, E7 V and E7 VI react with 
topologically very similar but not identical epitopes, 
as is also shown by the cross-reaction of E7 IV with 
HPV18 E7. It is probable that E7 III reacts with an 
epitope which is a near neighbor. 

4. Detection of HPV16 E7 by MAbs in cell lines which con- 
tain HPV16. 

a) Western blot 

Western blots were carried out as known (Towbin et 
al. loe, cit.), after the cell extracts of the CaSKi 
cell line (R.A. Patillio (1977), Seience 196, 1456- 
58) and the SiHa cell line (Friedl, F . et al. (1979), 
Proc. Soc. Experiment. Biol, and Med. 135, 543-545) 
had previously been fractionated by 10% SDS poly- 
acrylamide gel electrophoresis, essentially as des- 
cribed (laemmli, V.K. (1970), Nature 227, 680-682). 
With E7 II, E7 IV, E7 V and E7 VI it was possible 
to detect the HPV16 E7 protein which is 15kd in size 
in both eel I I ines . - 

b) iMunoprec ipitat ion 

Iromunoprecipitations were carried out by the method 
of N . Koch and G.J. Hammerling (1982), J. Immunol. 
128, 1155-1157. E7 II and E7 IV precipitated 
HPV16 E7 from CaSKi cells, whereas no specific prec- 
ipitates were obtained with control cells without 
HPV. 

Table 1 summarizes the properties of the MAbs obtained 
(E7 1 - E7 VI). 
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Tab, 1: Isotypes of the HPV16 E7-specific MAbs, and 
their reactivity. 

*) not done. 



The accession numbers of the European Collection of Animal 
Cell Cultures for the Mab's above which were deposited in 
form of hybridomas are.* (£7 II - B7 VI) i 88062^29, 8806243b. 
88062*01, 88062*02, 88062*03. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS t 

1. Monoclonal antibodies (Mabs) E7 I, E7 II, E7 III, E7 IV, 
E7 V and E7 VI which react with the E7 protein of HPV16 • 

2. Hybridomas which secrete the MAbs as claimed in claim 1. 

3. A process for generating the hybridomas as claimed in 
claim 2, which comprises a mammal being immunized with E? 
protein from HPV16, spleen cells being removed from such 
an animal and fused with NS-1 myeloma cells, and the hy- 
bridomas being selected for secretion of MAbs against 
MPV16 E7. 

4. The use of a MAb as claimed in claim 1 in a diagnostic aid. 

5. The use of a MAb as claimed in claim 1 as a carrier for a 
pharmaceutical active compound. 

6. The use of a MAb as claimed in claim 1 as a therapeutic. 

7. The use of a monoclonal antibody as claimed in claim 1 in 
labeled form as a diagnostic aid or for analysis of 
tissues and body fluids and for rad io immunos c i nt i gr aphy . 

8. The use of a monoclonal antibody as claimed in claim 1 in 
labeled form as a therapeutic for pad io immunotherapy or 
for chemo immunotherapy • 
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FIGURE 1 



